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ABSTRACT°' Thls report w111 descrlbe a low cost communlcatlons .
network deSLgned for use 1n the PLATO v computer ass15ted '

. "instruction (cAI) system.' In this svstem over 1000 remote

'-ﬂcomputer graphic terminals, each requlrlng a 1200 bps channel, " ' g'

are to be connected to one centrally 1ocated computer. A : o
technlque w11l be descrlbed for dlstrlbutlng dlgltal data to
' these terminals via standard commerclal cable telev1s10n (CATV)
equlpment . The data is tnansmltted in a synchronous time 4 '
division multlplexed mode which is compatible with standard - o
zftelev1s10n s1gnals. It will be showh that the communications
cost of this technique is approximately. 1/10 of the cost of

us1ng a s1ngle voice grade telephone llne per termlnal , .
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DIGITAL DATA TRANSMISSION VIA cret ! -

1.0 _introduction : L ' o L

‘receiver.designed

In a typlcal PbATO IV system,

3.0

.t

This report- descrlbes a Jdigital datd tranemltter and

'for use in standard CATY Pomwnnlty -antenna-

television) owstems.- Thi's equ1oment has been developed for use

in the communlcatlon network of the PLnTu IV combuter a351sted

- - . .

instruction (CAL) system. . . N »
2.0 _PLATQ IV . : ' LT

_Much +has been written elsewhere (1,2) describidg PLATO. IV

- and t‘erefore only ‘a brléf general description wiil be glven here.

approxxmately IOOO remrotely

located computer terminals, each requlrlng an lnou* bandwidth of

'apprOXLmately 1200 bps, mist be connected to ore centrallv located

A Y

computer. Most of these terminals will be located in olﬁssroom

installations of up to 32 termlqals each. Sore of these class-

room lnstallgtlons-WLII be logated Wlthlp a few miles of the
. . » . -~ .

‘computer site, while others will be a few hundred miles. distant.

In aldlrlon to these classroor installations, a limited number

of 1nd1v1dual remotely located terminals must also be serviced.

Thus, a typical PLATO IV system would be configured as shown

in Figure 1. - T .

The problem is How to economlcally distribute dlgltal

data through such a network. - T

7

Communication Costs

The Bell qystem offers a wide variety of'transmiskion
channels and equipment to meet data communication requlrements.
Single voice grade channels are available which can easily handle
data rates of 1200bps. W}dehanﬂ serv}cc, offering the equivalent
of up to 240-or more voic¢e grade channels, .is available in a .

single package. ’
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Figure 1. Typical PLATQ IV System
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The inter-state td;iffs [for lQéSinq thesa vdice gragde
l1nas*rangu from $4. SO/mil 2/ Mo ntb‘for a.single channel (type 3ﬁ02) a
to-as low as 60¢/m11a/month channel fnr Series 5000 (Zéochaﬁnel%) !
service. (All,tariifs qooted- should‘be conSLdered approximate.
They may vary with gebg;aphical locatiohzgn individual service
required) . U S ‘
Lee e . . ®e
Using even the lowest cost figure above, the communication
costs for a system of the size of PLATO IV become prohibitive,
especially over loflg "distances. An attractive alternative does
exist, how2ver, th;ough the use Sf educational television (ETV)
cnannbl%. The present tariffs for an.ETV channel ranqe'from
$30 to apbroxlmately $55/mile/month or less depending upon the
numbﬂr of channels leased and dlstanced involved. At these rates,

it is apparent that ilf as few QS 50 to 100 users share an ETV

channel, the communication costs are compeﬁ?ﬁlve with the wide-

band servica qubted above. <o -
N -y oo, . ' .
. o A 8
This - report will show how a gingle ETV channel can be used
to supply 1200bps service to more than 1000 users, resulting in
per user chagyge for the channel of from 3¢ to 5.5¢/mile/month.

Such a channel will be used to distribute digital data to
classrooms in the same manner that commercial TV programs are
‘ dlstrlbuted via CATV, to private homes- ’

L

g .

4.0' composite Television Signal . o B

Before ‘proceeding with a description of the equipment a-

brief discussion of the composite television (TV)/signal is in

ordert. . . .

.
i

The composite black and white TV signal is assembled from
three siqndls.” These are: ' - fod

1. A composite synchronizing siqual which.is made up of ‘two
parts, horizontal sync signal and a vertical sync signal.

’”




(4)

A composite blanklng .signal which is also composed of

two parts, a horizontal blanking signal and a vertital

blanking signal. .

. A video signal whichcontains the picture information,
This signal is normally used by televisior receivers to
intensity modulate the horizontal scanning lines. 1In
the system described .here the video signal contalns the
digital data. /

) Details'of the FCC standard Synchronization signal are-

shown in Figure 2.0. All times are given relative ;to H, . the

time interval between horizontal sync pulsea sec =

15750 a
$3.5 sec.). The vertlcal blankrng time showi is the minimum allowe

.by FCC stahdards. ‘o

d

’ .
The equalization pulses -and the serrating pulses in ‘the

. vertical sync interval are of little value in the system Qescribed
in this report and therefore the reasons for their exietence

will not he discussed here. tMore ddtails may Be foundeire
reforencee 3 and 4.) They must, howevet gtill be generated by
~thea tranunlttor in order that Ptandard QOmmercxal equxpment may

be nsed for transmission and reception. «,. '

-

?

In the Unlted States televigion qystém,.there are 30 frames
transmitted per second, each frame centalnlng 525 )lines. To
reduce flicker in the picture, each frame is transmitted as two

. fields of 262% lines éach at a rate of 60 fields per secconds,

with the 1inos of one field Lnterlaced between the lines of the
.other. “The verticdl blunking lnterval requerS'up to 21 lines
leaving ,a maximum of 241° 1Lnes to be used for v;deo.\

5.0. PLATO vldeo > _(Data) Slqnal

Bacause dmgltal information- is binary in nature, only’ twq .

voltage lavel aré requxrod to rnpredent the 1n§0r¢atlon In the
system described here the white level is chosen ai logical "one"
and the blark 1 vel as logical "zero" This ch01cc of levels

¢
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reduces the average power consumptlon in any llne ampllflers

pres;nt in the~BL 1 system, because these amplifiers® consume

' more power at the white levnl and the PLATO signal contains far

“more "zeros" than "ones"

] ES ’ a
’

‘Each'horizontal ,cannlnq "line in the television field whlch
carrles data is divided into 100 tlwe biﬁs of .01H seconds each
This choice of bin widtiy fits within’ the FCC requirements for
horizontal bandwidth and also relaxes %he specifitcation on the
local oscillator in the receiver to be’ described later. The
first 16 bins of each line are used for horlzontal synchronzatlon

and blanking purposes while egach of the remaining 84 blns contalns;

a bit of digital information. An example of a -line carrjlng
. L 4

digital data is shown.in Figure 3.0. ‘

. -
. .

~The data rate for the-system iS'givennby‘thé_following

equation:
bata rate = 60% Np pits per second, e
where NL = number of lines p@f‘field used to carry data
Ng = number of bits per line

1

In the system described here,* 240 lines per field, each

containing 84 bits are used giving a data rate of 1.2096 x 106

bits per second. ‘ ' ‘ _ )
i ' .

sach PIATO IV terminal5 nperates on @ wcrq size of 20
: f Q
bit in- length and requlrps up to 60 words per uGQQﬁ or a

data rate of 1200 bits per decond One TV frame_can, therefore,

supply data to w.ZO?goi-lO = 1008 termlnals. The format of

s . L s .
thes data within a TV frame is sliown in quure 4.0. Each terminal

receives bit i of a data word followed by bit i + 1 etc. -This
format. tlins requires Lg%ﬂ <+ 12 7TV, lines to trangmlt one bit of
a » .

]
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) ‘ .

data to” each terminal.
- - .

, . ) ‘ - . ) B
Figure 5.0 is an aﬁtual photo taken from the standard/év screen
‘illustrating the formaﬁ“bfxtbe'data{for two terminals. On the

{left,'terminal 16 is receiving the word o8110101110110111001
(roading from. top tdo bottom), while on- the right, terminal
42 is receiving the word 01111110110111100110. -

LI
“ e . ©

wr

5.0 _Transmirier .
The transmitter gererates the standard televisibn gsynchroni-

éarlonfahd blaﬁking.siqpals and cometnes these signalg with the .
siqibal daVa into a comvoéite c"’ignal‘compatible with FCC standards. | °
The composlte signal is then delivered to the common catrier |
suopwﬁlng the TV channul\v}r RF modulation and.transmission over
stardard’ cable telev151on (CATVY equlpment .

a. T . . a '

g :\hlccf'diaqramﬂof the transmitter is shown in Fiéure 6.0.

The Clock Control circuit contalns a }.575 MHz erystal ;‘WT)-
coﬁhrolled oscillator {clock) which drives a leLde by 50 counter.
The onnputs,og tﬁe cguntef~an& thexclock signals are sent to the . e
Puism; citenit where they are used to gen,e‘ir-ate\thg‘ four pulges " .

- shown in Figure 7.0. - E i

. - N
N . - %

N . . . \ . _ . . T .
The V pult2 is used to drive a Divide by 525 counter, thg o
Houtmts og,thch are interpreted as. the, horlzonLal line equ
within-a frame. (The line count i shawn at the tap of Fxgure 2. 0 )

D i W
‘ . P
The Simal C@mnouar circuit assembles the cbmpogite synehroni-
z+tion » andl blanking signals using the four pulses supplied by ‘
+he fulger cireuit as building blocks.  The nutputs of the
””1-2'3 1)‘)" 139 RS

“i H 25 counteoer drﬂ‘u)ﬂd by fhc quﬂ@l Composaer to gsupervise
codophl oot thoe o nn;g.191= xl}!hil:.

Ld
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) The composite sync "and blanklng 51gnals along with the
tlock signal are sent to the Data Control c1rcu1t Wthh performs
two functlons- : -"~7 N

- 1. The generatlon of the timing and control smgnals
' necessary for tﬁe transfer of dlgltal data lnto tife
transmitter. . .

4 PN
-

2. The assembly of the data, the sync, andrthe‘blanking :

: signals 1nto a comp051te signal. . L -
The data to® be transmltter is assumed to be in the form of

84 blt words. At the start of each line @ data word is loaded *

1nto the shift registered by the Data Transfer 51gnal At the
conclusion of the horlzontal blanking- interval the datafls shlfted‘
into t?e Data Control circuit by the shift (l1.575 MHz) SLgnals - ,:#i

Th ,comp051te SLgnal is then sent to standard telev1510n RF

‘modulators for ‘transmission over wstandard TV channels. ! ’
: - . ¢ . ) . . .
. © - A ; . /) . . ~
7. O Recelver o : Py : :

Two basyc functlons are performed by the data. recelver, the - '\Q<33

_recovery of the dlgltal data an@ the generatron of data addresses

_This 1atter EUnctlon is necessary to fac111tate separatlon of the \.tf
data when it lS transmltted in a time- d1v1s1qh.mult1plex mode

and must be dellvered to multlple dest;natlons I

. .
« ' . : A
v b Cr

PR

A block dlagram of the data receiver, is shﬂn in Flgure 8.

" An RF recelver 51mllar to the front end of"a standard commercial

‘telev1510n recelver is used to recoven@the comp051te video,

signal -from the RF carrier. The composite SLgnal is delivered - o
to the TV interface circuit where it is clamped and then separated .
‘1nbo sync and video (data). components. The v1deﬁdslgnal |
is placed on the data bus while the sync 51gnal is senﬁ to the L

Sync Detector circuit. ) . , . ' “ N\

. a
. - . *~
pra— - .
. . v

i The, Sync Detectog_sircuit separates the vertical and hori

[SEY

zontal sync signals and supplies these SLgnals to- the data addreSSLngl

o
~/

circuits. - .
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\ "o Data adresses are specified by: ’ : ‘
l : a) a line adress designating the line on which a data bit .
occurs and . .
; ~ ,  b) .a time address speclﬁylng the time bin along that line
which contains the data bit.X \
.\ M

The line address is specified by the Llne Counter which
'T\\\\\\eiiectlvely counts horlzéntal sync pulses The time adress 1s
- obtained from the Time Counter which is’ driven by a 1.575 MHz
' ',oscpllator.‘ This osclllator is .phase locked to‘tne horizontal -

sync pulse and provides an accurate source for strobing th@ ¥

data bins along a line. ! | , ‘\\<\

/

The. data, after recovery from the data bus, is delivered
to a modem whlch converts the data-into a frequencv shift (FSK)
signal for transmlsslon to the termlnal over voice grade lines. . °

Do .« .

8.0 Receiver Sy;chronlzatlon ‘

3
“r

Successful recove%y of 1ncom1ng data depends ‘upon the
synchronlzatlon of the address1ng CerUltS wltﬁ/the 1ncom1ng

signal. The details of receiver synghrOnlzat}on are shown in ..
R . : ‘ v R
3 Figure 9.0. g ' L ' ‘ e

o) «
. T e 7 =Y /
v i

The horlzontal sync sxgnal 1s v;gyed‘by the addressing g%rel

cuits through a 6 'sec window.. Thls window is initiated by the
clock time-90 (T9O) from the 1. 575 MHz clock andg termlnated bv

the traillng edge &£ the incoming horlzontal sync pulse Between
Clock time 99 and 00 a Sample H pulse is ggnerated by the Time )
Counter.and is used to sample the horizontal sync signalr as seen -
- . through the windo¥; During'this Sample H interval the frequency

0f 1.575 MHz oscillator is adjusted such that the oscillator

- xremains ‘phase locked to the trailing edge of the horizontal ‘sync ;" -
'oulse.' %t'the;conclosion'of the horizontal syfic pulse a,clefr . e
pulse is generated Wwhich sets the Time Counter to zero thus

placinq]the'counter;"in step" with the train of svnc pulses.

, Al " .
B . .
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The Line Counter is not actually 1ncremented by the horizontal °

svnc pulse but instead by a pulse at clock time 3 from the Time

.Coﬁnter Noisé which may be present in the horlzontal sync Sngal

is thus pr vented from enterln false counts into the Line Counter.
? g

. It is apparent, of coutse, that noise present on the sync SLgnal o

during the w1ndov interval can Stlll cause errbrs by generatlng

“

erroneous Clear pulses. The window, however , is open orfly ‘for

6 usec per line, and the clearing if 'the Time Counter (generation A

of the Clear'pulse) is permitted,only for the first 12 horizontal

sync pulses inwa'field plus the equalizing ‘interval’ (approximately

3" lines) folloking the vertical sync signal, or approximately
3 6 _ 12 '

) ) NP Lo iﬁ
5675 +. €35 562.5 X 100 ‘2m of the time . S

o I

‘Except for the vértical sync interval, the'phaseschkiné

.operati®n occurs for every line in" a field. S

9.0 Performance ' ‘ 4

s

Field testing4of the prototype vers10m of the equlpment has
been conducted on a 180 mlle long loop facility provide® by - the
Illinois Bell Telephone Company. Data’ has been recorded at
various times of the day over a one month perlod durlng whlch
approximately 80 hours of data have been accumulated

The 180 mile loop fac111ty employs three methods of v1deo b

transmission-that are presently being . used to trgnsmlt v1deo in

the AT&T system ' Informatlon is transmitted as "base—band"

(dC to 8MH2) from the University of IllanlS to the Illanls Bell

"Office in Champalgn (approx1matelv 2 mlles) Prom thﬂre the video

‘lS transmltted via a microwave link to Sprlngfleld IllanlS and .

bzck to Champalgn for distribution over the’ telev1s1on fac11vt1es
0f the University of IlllnolS The video is carried .on- Channel 5
(76~82 MHz) on the Unlvers1ty cable faCllltles channel 5 was

chosen because it is between two channels, 4 and 6, presentlv in .

4 "‘
usa an thus prowldes a ' worst .case noise’ condltion ,&

.
t . - . . i ,
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Data was recorded u%Lng an input signal level at the receiver
of 0 dbmv. The test data was transmltted in the form of alter- ‘
nating "1's" and "0's". At the recelver'éach bit received not ‘
ln agreement w1th the transmitted bit: wasrrecorded as an error.
Most of the errors occured ln burst of ra dom length The results
of the test .are tabulated in Table 1. ] o

W
I

v ¢ @

@ . e #
~

’

The success of this data transmission technique will depend
on the ablllty to, detect and retansmit erroneous data. The data
format Dresently used see Figure 4.0, permlts al blt'parlty
checn to catch error bursts that are equal to or less than 12 -

horlzontal lines (1008 bits) in length -From T;ble 1l it is

. noted that over 88% of the error :bursts satlsfy the requ1rement

.

. -
. : R
. ¢ ) K

10.0 Summary

<.

The technlque described here- has been lncorporated into the
PLATO IV cowmunlcatlon hardware.” The transmitter ls/contalned
in the PLATO IV Network Interface Unlt shown .in Flgure 10. This .
unit performs all of "the fundtions necessary for 1nterfac1ng a %

Control-Data Corporation 6400 computer to CATV transmlttlng

‘equ1pment. Also housed in this unit are the circuits for handlng

keyset information returning from all of the termimals in the
system. : (A more detailed description of the’ Network Interface Unlt

may be fouhﬁf}n reference 2.) - : S

The receiver is contained in the PLATO IV Site Controller
shown is Figure 11. This unit contains, in addition to the recéiver,
the mult1plex1ng circuits and modems for servicing up to 32
terminals. . Also housed in this unit are the circuits for multi-
plexinq'the keyset informatlon from these termlnalsnonto,a single
voica grade phone 11ne for transm15510n back3to the comouter
cenbag. (See reference 2 for m&re details concerning this unit).
A block diadram Lllustratlnq the use of the Site Controller ir a,

typical PLATO IV site configuratinn is shown in Figure 12.

o -

k4




Total Ruﬁ'fime
‘Total Bits Transmitted

Total Number ef Error Bursts
' Average Time Between Bursts

Bits Transmitted Between Bursts-
ShQrtest Observed Burst
Longest Observed Burst
Average Burst' Lengthl

% of?R:rsts less than 1008 bits

. . . . 2
Bits transmitted per bit in error

\

~ -

~1l) THe ﬁhree longest bursts are excluded from thisw
.-. Including these’bursts the average burst length waa’lO 732.

bits.

per bit in error.

- Lo Table 1.

’

The: three longest. bursts were exelﬁded'frgm ‘this flgure.w
If included this number becomes 3.74 x 10

Test Results . - .

78 35 hours
11

3.41 x, 10

85 -

.92 hours e "
.9

"4 x*10 ~

J bit 2,
264,009 bits o
1998 bits n

. P

88.2% . R
2.08 & 10° N

\ o
B
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flgure
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T
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A reeegvef unit. identical to that used in a éite Controli@t
may also be used-to service individual remotely locafed'tefminals
ror. this type of service. the receiver is placed at some conuenlent &
. location-.along the'CATV cable. Voice grade telephone lines, are C
then used to carry the data gecovered from the TV arrler to the
termlnals as*shown in 'Figure 13. : ' _ s

’ Although the eomﬁunications'techﬁique described here was’
developed to satlsfy the requ1rements of a CAI , ystem, it need
not® be restrlcted to such’ use. * Many other d%gital data dlstri-

bution systems could successfully employ thhs technlque S .

- i ’ . 7

- mo-

1}

There'aré at oresent, an estlmated 6 m11110n subscr;bers of

»
-
CA”V service and the numbe:ﬁ}s exped;éd to lncreﬂﬁe Hramatlcally .
in the coming years. Millions of- homes ‘will, then be already

w1zed to recelvellnformatlgn from centra112ed data sources\\ The,
gommunication technlque descrlbed here could carry uch ‘informa-
‘tion into those homes dver the same path whtchonow carrles onlg

/
commerc1al TV, signals. S , - .
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